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Table 1
Association of HKA/FTA with medial JSN Worsening.
Parameter OR 95% Conﬁdence Interval p
HKA (per degree varus) 1.17 1.11e1.24 <0.0001
FTA (per degree varus) 1.35 1.23e1.47 <0.0001
Age (per year) 1.01 0.99e1.03 0.19
Sex (male vs female) 1.01 0.75e1.37 0.86
BMI (per kg/m^2) 1.04 1.01e1.07 0.011
Table 2
Association of HKA/FTA with lateral JSN Worsening.
Parameter OR 95% Conﬁdence Interval p
HKA (per degree valgus) 1.37 1.19e1.58 <0.0001
FTA (per degree valgus) 2.03 1.72e2.40 <0.0001
Age (per year) 1.01 0.98e1.04 0.72
Sex (Male vs Female) 0.6 0.33e1.12 0.11
BMI (per kg/m^2) 0.959 0.97e1.02 0.24
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each participant. Participants were classiﬁed into three activity groups:
Inactive (i.e., 2,719 total kcal/week (lowest quartile) and <1,000 kcal/
week for exercise); Active (i.e., >2,719 total kcal/week, but <1,000 kcal/
week for exercise); and Exercisers (i.e., 1,000 kcal/week for exercise).
Knee MRIs were obtained at year 2 (704 knees) andwere assessed using
the Whole-Organ Magnetic Resonance Imaging Score (WORMS). Any
bone marrow lesion (BML 1), cartilage damage (2), meniscus dam-
age (1) and synovitis/effusion (1) were compared between the three
physical activity groups using logistic regression with Inactive as the
referent. Knee correlation within subject was taken into account by
generalized estimating equations. Models were adjusted for age, sex,
BMI, history of knee injury, hypertension, diabetes and metabolic syn-
drome. Interaction between sex and physical activity was examined.
Results: In these participants, 119 were Inactive, 249 were Active and
127 were Exercisers. Exercisers were more likely to be male, white,
married, have higher education and knee injury than Inactive or Active.
Exercisers were less likely to be current smokers and have hypertension
than the others. The prevalence of diabetes was lower in Exercisers than
Inactive. Inactive participants tended to have lower BMI than the others.
In crude analysis, the Active and Exercisers had higher odds of BMLs in
the medial tibiofemoral (TF) joint than the Inactive group (odds ratio
OR¼2.36 [1.25, 4.43] and OR¼2.07 [1.04, 4.12], respectively). The asso-
ciation persisted for the Active group after adjustment for age, sex, BMI
and knee injury (OR¼2.05 [1.08, 3.89]). The Active and Exercisers had
higher odds of medial meniscus damage compared with the Inactive
group in the crude model (OR¼1.80 [1.10, 2.92] and OR¼2.42 [1.42,
4.13], respectively). In the adjusted model, the association was marginal
for the Active group (OR¼1.66 [0.99, 2.78]) but signiﬁcant for Exercisers
(OR¼1.95 1.12, 3.39]). In post hoc analyses, no signiﬁcant differences
existed between Active and Exercisers for medial BMLs or medial
meniscus damage. A signiﬁcant interaction between sex and physical
activity was found for cartilage damage in the medial TF. Exercisers had
lower rates of medial cartilage damage than Inactive only in women
after adjustment for age, BMI and knee injury (OR¼0.49 [0.25, 0.94] in
women, OR¼1.80 [0.89, 3.65] in men). Physical activity at baseline was
not associated with BMLs or cartilage damage in other compartments,
lateral meniscus damage or synovitis/effusion. Results were similar
after further adjustment for hypertension, diabetes and metabolic
syndrome.
Conclusions: In these relatively functional older adults without fre-
quent knee pain, active people or exercisers were more likely to have
prevalent BMLs in the medial TF joint and medial meniscus damage
than those who were inactive. Exerciser women had less medial carti-
lage damage than inactive women, but this effect was not seen in men.
The results suggest that the impact of physical activity may differ by
tissue type and by sex. These results may have implications for the
development of osteoarthritis and exercise prescriptions for older
adults.
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MECHANICAL AND ANATOMIC LIMB ALIGNMENT ARE BOTH
INDEPENDENTLY ASSOCIATED WITH FUTURE NARROWING OF
JOINT SPACE: DATA FROM THE OSTEOARTHRITIS INITIATIVE
J.A. Lynch y, C. Ratzlaff z, C.E. McCulloch y, M.C. Nevitt y, J. Duryea z.
yUCSF, San Francisco, CA, USA; zBrigham and Women's Hosp., Boston,
MA, USA
Purpose: Lower limb malalignment assessed from the mechanical axis
(hip-knee-ankle angle -HKA -from full limb radiographs) correlates
highly with an anatomic femoro-tibial axis (FTA from knee radiographs)
but there are often knees in which there are disagreements on mala-
lignment. We investigated the associations between both HKA and FTA
and longitudinal joint space narrowing (JSN), in knees with tibio-fem-
oral radiographic OA (TFROA) from the Osteoarthritis Initiative (OAI).
Methods: Knees inwhich HKAwasmeasured in OAI from the 12-month
or 24-month followup visit were selected, and the visit of measurement
deﬁned as the index visit for this study. Knees with Kellgren and Law-
rence Grades 2 or 3 at the index visit. OARSI JSN grades at the index visit
and 24-months later were used to determine case knees with medial
and/or lateral outcomes based on worsening JSN. Control knees had no
worsening of JSN in either compartment. Binary logistic regression
(with GEE to allow for the analysis of both knees of participants) was
used to examine associations of HKA (at index visit), FTA (at index visit)
with the separate outcomes of medial JSN worsening and lateral JSNworsening. Models were adjusted for sex, age (at the index visit), and
BMI (at the index visit) as well as a term for an interaction between HKA
and FTA.
Results: There were 1795 knees with an index visit at either the 12-
month or 24-month annual visit, for which outcomes were deﬁned
based on JSN scores at 12-month and 36-month visits or 24 and 48
months, respectively. In total, 1461 knees showed no worsening of
either medial or lateral JSN, 255 showed worsening of medial JSN, 78
showed worsening of lateral JSN, and one knee showed worsening
medially and laterally. For the knees analysed, there was a correlation of
R¼0.65, p<0.0001) between HKA and FTA at the index visit.
Table 1 shows that both HKA and FTA were independent predictors of
medial JSN worsening, with increased odds when HTA and FTA were
more varus. Also, the change in FTA in the 12 months prior to the index
visit also predicted future medial JSN worsening.Table 2 shows that FTA was a stronger predictor of future lateral JSN
worsening (OR 2.05per degree in the valgus direction) than HKA (OR
1.40 per degree in the valgus direction). The change in FTA in the 12-
months prior to the index visit did not predict JSN worsening in the
lateral compartment.Therewas a small but statistically signiﬁcant interaction HKA and FTA in
both compartments (p<0.0012 medial, p< 0.0001 lateral). For medial
JSN worsening, the interaction was such the OR for FTA predicting
medial JSN worsening increased to 1.43 for knees with HKA 2 degrees
varus, and would be reduced to 1.27 when HKA was 2 degrees valgus.
Similarly in the lateral compartment, the OR for FTA predicting lateral
JSN worsening increased to 2.27 for HKA at 2 degrees valgus and
reduced to 1.81 when HKA is 2 degrees varus.
Conclusions: In both medial and lateral compartments, HKA and FTA
were independent predictors of JSN worsening, despite a moderate
correlation between them. Higher ORs for FTA suggest it has a stronger
association with JSN progression than HKA.
It is suggested that assessment of both mechanical and anatomic axis
alignment in the lower limb are important risk factors for the pro-
gression of existing disease and investigations into the cause of differ-
ences between them should be assessed, as well as their ability to
predict progression to TFROA in radiographically normal knees.
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EXAMINING THE RELATIONSHIP BETWEEN DEGENERATIVE
ANTERIOR CRUCIATE LIGAMENT LESIONS AND PATELLOFEMORAL
CARTILAGE INTEGRITY WITH QUANTITATIVE MAGNETIC
RESONANCE IMAGING PARAMETERS
N.E. Calixto y, L. Nardo y, D. Kumar z, R.B. Souza y, X. Li y, T.M. Link y,
S. Majumdar y. yUniv. of California, San Francisco, San Francisco, CA, USA;
zMed. Univ. of South Carolina, Charleston, SC, USA
Purpose: Few studies have evaluated the effect of degenerative ACL
pathology on patellofemoral joint osteoarthritis (PFJOA). Prior magnetic
resonance imaging (MRI) studies have used R1r dispersion, or the
variation of R1r (¼1/T1r) with spin-lock frequency (FSL), to analyze
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exchange alter at different spin-locking strength. Therefore, R1r dis-
persion with varying spin-locking ﬁeld strength can provide quantita-
tive information relevant to chemical and diffusive exchange and can in
principle provide a more speciﬁc and complete characterization of
cartilage matrix composition. The purpose of the study was to inves-
tigate macromolecular differences in patellofemoral joint (PFJ) cartilage
between subjects with and without degenerative ACL lesions using R1r
dispersion.
Methods: Subjects recruited from the community underwent 3-Tesla
MRI. Three MR sequences were acquired: 1) a sagittal 3D high-reso-
lution T2-weighted isotropic fast spin echo sequence (3D FSE CUBE) for
segmentation and clinical grading 2) a sagittal T1r-mapping sequence
and 3) a sagittal T2-mapping sequence for quantitative assessment. The
ACL and PFJ cartilage [patella (PAT) and trochlea (TRO)] were graded on
the 3D FSE images using modiﬁed Whole Organ MRI Score (mWORMS)
scales. Thirty subjects were identiﬁed as having degenerative lesions
within the ACL such as mucoid degeneration and/or chronic tears
(mWORMS  2). Thirty subjects with no ACL lesions (mWORMS < 2)
were selected for comparison, matching age, gender, and BMI of those
with ACL lesions. Eleven subjects with ACL abnormalities had no focal
PFJ cartilage defects and were compared with 11 other subjects without
abnormalities of the PFJ or ACL and matched for age, gender, and BMI.
Cartilage regions of interest (ROIs) were semi-automatically segmented
on 3D FSE images using in-house software then overlaid onto T1r and
T2 images for quality control; ROIs were also automatically divided into
deep and superﬁcial layers (Figure 1). T1r and T2 relaxation times were
calculated for whole cartilage and laminar layers. R1r dispersion was
determined by taking the difference between the R2 (T1r with FSL of 0Figure 1. Patellofemoral cartilage compartments and laminar layers.
Figure 2. T1p andT2 relaxation times in whole and laminar patellofemoral
cartilage of subjects with and without structural abnormalities of the
ACL.* signiﬁes p < 0.05.z T2) and the R1r (T1r FSL ¼ 500); R2 e R1r ¼ [(1/T2) e (1/T1r)].
Student's t-test was used to compare T1r and T2 relaxation times and
R2 e R1r between subjects with and without ACL lesions, using an
alpha level of P < 0.05.
Results: Individuals with ACL lesions had signiﬁcantly higher T2 in the
whole TRO (p¼0.039) and superﬁcial TRO (p¼0.008, Figure 2).
Those with ACL degeneration also had signiﬁcantly lower R2 e R1r in
the superﬁcial TRO (p¼0.003, Figure 3).
There were no signiﬁcant differences in T1r between those with and
without ACL pathology. In subjects with no focal PFJ cartilage lesions,
those with ACL lesions had signiﬁcantly lower R2 e R1r in the whole
PAT (p¼0.048) and whole TRO (p¼0.046, Figure 4). These R2 e R1r
differences approached signiﬁcance in the superﬁcial TRO (p¼0.07,
Figure 4).
There were no signiﬁcant differences in T1r or T2 relaxation times
between those with and without ACL lesions.
Conclusions: This study examined the relationship between degener-
ative ACL abnormalities and cartilage degradation in the PFJ using R1r
dispersion, which is dominated by proton chemical exchange between
water and macromolecules in cartilage. Subjects with ACL lesions
showed elevated T2 relaxation times as well as reduced R2 e R1r in
trochlear cartilage relative to those without, suggesting diminished
cartilage integrity. In subjects without PFJ cartilage lesions, R2 e R1r
was signiﬁcantly lower in the PFJ cartilage of those with ACL lesions,
while no signiﬁcant differences were observed with T1r or T2. The
results from this cohort suggest that R1r dispersion is a potentially very
sensitive marker of detecting very early degradation in macroscopically
healthy PFJ cartilage, marking the earliest changes in the OA disease
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A216process. Furthermore, degenerative ACL change may alter loading bio-
mechanics of the PFJ, leading to the increase in relaxation time and the
changes in the extra-cellularmatrix. This project was supported by NIH-
NIAMS grants R01AR046905 and P50AR060752.
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DIRECTIONAL FRACTAL SIGNATURE ANALYSIS OF TRABECULAR BONE
AND ITS RELATION TO INCIDENT RADIOGRAPHIC KNEE
OSTEOARTHRITIS: 30, 60 AND 84-MONTH FOLLOW-UP DATA FROM
THE MOST COHORT
P. Podsiadlo y, M. Nevitt z, M. Wolski y, G.W. Stachowiak y, J. Lynch z,
I. Tolstykh z, D.T. Felson x, N.A. Segal k, C.E. Lewis ¶, M. Englund#.
yCurtin Univ., Perth, Australia; zUniv. of California, San Francisco, CA,
USA; xBoston Univ., Boston, MA, USA; kUniv. of Iowa, Iowa City, IA, USA;
¶Univ. of Alabama, Birmingham, AL, USA; # Lund Univ., Lund, Sweden
Purpose: Directional fractal signature parameters quantify the rough-
ness and directionality of subchondral trabecular bone texture in dif-
ferent directions at individual scales. Previous studies showed
associations between baseline trabecular bone quantiﬁed by fractal
parameters and a risk of tibiofemoral (TF) osteoarthritis (OA) incidence
in small samples, using models partially adjusted for potential con-
founders, one follow-up or radiographic scores that have low sensitivity
to incident OA. We explore associations between baseline trabecular
bone and risk of incident radiographic TFOA using a large longitudinal
cohort and more sensitive scoring approach.
Methods: We used data from the Multicenter Osteoarthritis Study
which includes older adults at risk for knee OA. Of 6052 knees from
3026 subjects, 894 (UAB) and 1158 (UIowa) knees from 626 and 807
subjects respectively with Kellgren-Lawrence (KL) grade 0 or 1 at
baseline were eligible for the incident TFOA at any follow-up time point
(30, 60 or 84 months). Incident KL >¼2 required new deﬁnite osteo-
phytes at follow-up with or without joint space narrowing (JSN) at the
time point when the incident OA occurred.
Exclusions were under- or over-exposed x-rays, artifacts projecting over
the tibia, knee replacement, missing patella, osteonecrosis, amputation,
rheumatoid arthritis, fracture, undetermined TFOA status at follow-up,
missing knee alignment measurement and a history knee injury or
surgery. Knees with injury were excluded since our focus is associations
with the development of primary (not post-traumatic) OA.
On baseline x-rays trabecular bone texture regions were automatically
selected on medial and lateral compartments of the tibia under cortical
plates. A variance orientation transform method was applied to each
region; resulting in seventeen fractal parameters at small (S), medium
(M) and large (L) ranges of trabecular image sizes: fractal dimensions
(FDMEAN, FDV, FDH, FDSta); FSs along the direction of the texture roughest
part (FSSta_S, FSSta_M, FSSta_L), the horizontal (FSH_S, FSH_M, FSH_L) and
vertical (FSV_S, FSV_M, FSV_L) directions; and aspect ratios (Str, StrSS,
StrSM, StrSL). FSs and FDs measure the roughness of bone texture and
aspect ratios measure the texture anisotropy. The association of clinic-
speciﬁc quartiles of baseline fractal parameters with the risk of the
incident OA was analysed using logistic regression (p < 0.05) adjusted
for age, sex, race, body mass index, leg alignment and baseline KL grade
(0 or 1). GEE methods were used to account for correlations between
knees within subjects. Odd ratios (ORs) were calculated for each quar-
tile in comparison with the lowest (reference). Trends were tested. P-
values were not adjusted for multiplicity since our study was explor-
atory and the adjustment could be counterproductive; potentially
resulting in no associations where there were ones (type II error).
Results: Results were stratiﬁed by clinics since we had computer
radiography (CR; low resolution images) for UAB and digitized ﬁlms
(DF; high resolution images) for UIowa. There were 195 and 303 inci-
dent knees cumulative to 84 months at the two clinics, respectively. To
explore associations over time, results were recorded for each follow-
up. In CR images, higher medial bone roughness in vertical and hori-
zontal directions over 60 months and in all directions over 84 months
were associated with an increased risk of OA incidence (Table 1). For
medial bone regions, in CR and DF lower anisotropy was associatedwith
an increased risk of incident OA over 30 months. For lateral regions and
CR we had the association over 60 and 84 months (Table 2).Conclusions: Baseline tibial trabecular bone fractal parameters con-
tained greater roughness (60 and 84 months) and lower anisotropy (30
months) in the medial compartment in limbs that developed incident
radiographic knee OA.
